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Spawning fidelity has been documented for many fish (e.g., Scholz et al., 1976; Quinn, 2004; Starcevich et al., 2012) , but limited evidence exists for fidelity to a specific location for foraging (Buzby and Deegan, 2000; Solmundsson et al., 2005) . Research on routes used by migratory organisms has exploded with the advent of low-cost tracking technology, but, at present, there is no consensus on consistency of routes or migration timing within and across species (e.g., Melnychuk et al., 2010; Welch et al., 2011; Brodersen et al., 2012) .
Furthermore, although an increasing number of distinct behaviors by individuals is being documented within populations (e.g., Secor et al., 2001; Pautzke et al., 2010; Sih et al., 2012) , a general framework for patterns, drivers, and consequences of individual variation in migratory fish is lacking. These gaps in existing knowledge are troubling because failing to account for this individual iNtrODuctiON Migration is an essential component of the life history of marine fishes (e.g., Campana et al., 2011) , anadromous fishes (e.g., Marschall et al., 2011) , and freshwater fishes (e.g., Buzby and Deegan, 2000) . By acting as vectors connecting spatially disjunct estuaries, migratory fish can translocate nutrients and transform energy. Long-distance migration between geographically distinct areas is an adaptive response that allows animals to take advantage of spatial variation in the seasonal fluctuation of resources (e.g., Baker, 1978) . This form of connectivity has the potential to propagate events from one estuary to another estuary (Reiners and Driese, 2001 ). However, variations in when, where, and how fish migrate can dampen or intensify these across-system effects ( Figure 1 ). aBStr act. The paucity of data on migratory connections and an incomplete understanding of how mobile organisms use geographically separate areas have been obstacles to understanding coastal dynamics. Research on acoustically tagged striped bass (Morone saxatilis) at the Plum Island Ecosystems (PIE) Long Term Ecological
Research site, Massachusetts, documents intriguing patterns of biotic connectivity (i.e., long-distance migration between geographically distinct areas). First, the striped bass tagged at PIE migrated southward along the coast using different routes.
Second, these tagged fish exhibited strong fidelity and specificity to PIE. For example, across multiple years, tagged striped bass resided in PIE waters for an average of 1.5-2.5 months per year (means: 51-72 days; range 2-122 days), left this estuary in fall, then returned in subsequent years. Third, this specificity and fidelity connected PIE to other locations. The fish exported nutrients and energy to at least three other coastal locations through biomass added as growth. These results demonstrate that what happens in an individual estuary can affect other estuaries. Striped bass that use tightly connected routes to feed in specific estuaries should have greater across-system impacts than fish that are equally likely to go anywhere. Consequently, variations in when, where, and how fish migrate can alter across-estuary impacts. variation in migration patterns can misrepresent population dynamics, community trends, and ecosystem impacts. For example, different fish behaviors within a population can have implications for a variety of fisheries management issues (e.g., Conrad et al., 2011) .
Striped bass is a model species for examining connectivity, specificity, fidelity, and internal structure of longdistance migrants. US Atlantic coast striped bass spawn primarily in three locations (Hudson River, Delaware River, Chesapeake Bay; Collette et al., 2002) , migrate north along the Atlantic coast in late spring, feed in the waters off New England and southern Canada in summer, and return south in the fall (Mather et al., 2009) . After recovering from population declines in the early 1980s, striped bass have been abundant in estuaries and coastal waters since 1995 (Richards and Rago, 1999) . This highly visible example of conservation was the result of a successful collaboration among coastal researchers and state and federal fisheries managers (Field, 1997) .
Because striped bass move widely along the Atlantic coast, have broad physiological tolerance, and consume a wide variety of prey (Ferry and Mather, 2012) (a-f) conceptual framework showing six possible outcomes for our research on biotic connectivity. These alternative outcomes reflect different combinations of connectivity, specificity, fidelity, internal structure, and heterogeneity. The scenarios are based on a southward migration of striped bass from foraging estuaries (north) to overwintering and spawning estuaries (south). each box represents an estuary. e1 = plum island ecosystems (pie).
We predict that all striped bass do not go everywhere equally (H 0 , Figure 1a 
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Study Site
PIE is a coupled watershed and estuary within the Acadian zoogeographic province (Ayvazian et al., 1992) that is located on the north shore of Massachusetts, USA. PIE is north of the Hudson River (523 km as the fish swims), Delaware River (708 km), and Chesapeake Bay (934 km), the three most important natal estuaries for migratory striped bass. The PIE estuary is a shallow, vertically wellmixed system dominated by salt marsh habitat with a mean tidal range of 2.9 m, which creates highly variable bathymetric structure and a mosaic of channels, islands, and sand bars (Deegan and Garritt, 1997 patterns, we used network community detection analysis and nonhierarchical cluster analysis. Network analysis is a useful approach for quantifying complex connections among objects (Dale and Fortin, 2010) . Network community detection analysis (Newman, 2006; Pons and Latapy, 2006 ) was used to group fish based on shared migratory destinations.
For this analysis, we used the "leading.
eigenvector.community" function in the "igraph" package in R (Csardi and Nepusz, 2006; R Core Team, 2013 (Hennig, 2010) .
Clusters were displayed in Principal
Components Analysis (PCA) ordination space for each year.
re SultS Striped Bass connectivity, Specificity, and Fidelity to pie 
connectivity, Fidelity, Specificity
The vector of coastal striped bass migration connected a northern estuary (PIE) to two distant spawning locations: River striped bass (Wingate and Secor, 2007) , and different behavioral groups of striped bass have been observed within feeding estuaries (Able and Grothues, 2007; Pautzke et al., 2010) . As a result, this within-population diversification can have ecological and evolutionary consequences (e.g., Chapman et al., 2011; Dall et al., 2012; Sih et al., 2012) .
Fish migrations
Few generalizations exist about specificity and fidelity of fish-related biotic connections even though reports of fish movements among distant spawning, foraging, and overwintering areas (the migration triangle of Harden Jones, 1968) are increasingly common. The return of fish to natal systems for spawning is the classic example of strong geographic specificity (e.g., Scholz et al., 1976; Quinn, 2004) . In addition, many anadromous fish are assumed to return to the freshwater locations where they were spawned (untested spawning site fidelity; e.g., Frank et al. 2011) .
Prolonged fidelity to a specific locality for foraging, however, is less common (Buzby and Deegan, 2000; Solmundsson et al., 2005) . Interestingly, migratory bull trout (Salvelinus confluentus), like migratory striped bass, remain in localized marine habitats during their migration (Hayes et al., 2011) . Generalities about routes that fish use to transit among feeding, foraging, and overwintering locations are also limited at present. Diverse fish migration strategies exist across species and populations with potential survival consequences (Melnychuk et al., 2010; Dempson et al., 2011; Welch et al., 2011) . Individual fish can be consistent in fidelity and migration timing but this consistency can vary across individuals within a population (Brodersen et al., 2012) . Furthermore, environmental conditions may alter patterns of fish distribution and movements (Bottom et al., 2005) . Geographic connectivity (i.e., specific links among feeding, spawning, and overwintering; Webster et al., 2002 ) is of increasing scientific interest in migratory fish research, but, again, general patterns of connectivity have yet to be established.
Thus, although an increasing number of puzzle pieces exist, a framework that unifies spatial and temporal patterns of fish movement (Nathan et al., 2008) and integrates disciplines (Giuggioli and Bartumeus, 2010 ) is still in its infancy.
Here, we contribute to the maturation of this conceptual framework by proposing conditions that may explain variation in the impact of biotic connectivity across spatially segregated estuaries.
animal migrations
Beyond fish, there is a large volume of basic and applied research on animal migration that focuses on a variety of taxa, ecosystems, and conceptual frameworks (e.g., Webster et al., 2002, Wilcove and Wikelski, 2008) . This substantial and rapidly growing literature on biotic connectivity is diverse. For example, many studies examine how migratory mammals connect terrestrial landscapes (e.g., Boone et al., 2006; Morrison and Bolger, 2012) . Long-distance migration research has been dominated by avian studies (e.g., Catry et al., 2011; Vardanis et al., 2011; Stanley et al., 2012) . However, the rapidly increasing body of literature on fish movements can add significant new dimensions to general migration theory (e.g., Radinger and Wolte, 2013) . Migration represents an extreme case of motility. In ecology, movement is important to a diverse array of concepts such as population regulation (e.g., Hixon et al., 2002) , across-system subsidies (Polis et al., 1997) , and metapopulations and metacommunities (Kritzer and Sale, 2004; Holyoak et al., 2005; Logue et al., 2011) .
Concepts related to spatial segregation of mobile organisms (e.g., trophic relay [Kneib, 1997] ; shifting interaction zones [Kneib, 2000] 
